TIRE AIR PRESSURE MONITORING DEVICE AND PNEUMATIC TIRE HAVING 

THE TIRE AIR PRESSURE MONITORING DEVICE 
BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a tire air pressure 
monitoring device and a pneumatic tire having a tire air 
pressure monitoring device. More specifically, the present 
invention relates to a tire air pressure monitoring device which 
can save power consumption and a pneumatic tire having the tire 
air pressure monitoring device attached thereon. 
[0002] Tire air pressure monitoring devices are generally 
configured to detect physical quantities such as air pressure 
or temperature inside a tire cavity filled with air by a sensor 
and to send the detected signals to a vehicle side by a 
transmitter. Tire air pressure monitoring devices of this kind 
are attached inside a tire cavity. Thus, a battery is usually 
used as a power source for the monitoring device. 
[0003] However, the above tire air pressure monitoring 
devices constantly transmit detected information to a vehicle 
side by a transmitter, and the maximum electric power is 
consumed during the transmission. Accordingly, a battery is 
drained quickly and required to be replaced frequently. 
[0004] To counteract this problem, a tire air pressure 
monitoring device has been proposed, in which a transmitter is 
switched between a transmission mode and a stop mode by a 
centrifugal switch. As a vehicle starts to drive, tires rotate, 
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centrifugal force acts on the centrifugal switch, and the 
centrifugal switch is turned on* Accordingly, the transmitter 
is switched to the transmission mode. When the vehicle is not 
driving, centrifugal force does not act on the centrifugal 
switch. Thus, the centrifugal switch is off, and the 
transmitter is switched to the stop mode. Therefore, power 
consumption is saved because of turning the transmitter to the 
transmission mode only when the vehicle is driving. 
[0005] However, the centrifugal switch does not work unless 
a predetermined degree of centrifugal force or more acts on the 
switch. In other words, the centrifugal switch does not work 
until the traveling speed of the vehicle reaches approximately 
8 km/h or more. Thus, tire air pressure cannot be monitored 
from starting of driving a vehicle to the traveling speed 
thereof which reaches that speed. To secure traveling safety 
of a vehicle, it is preferable to notify a driver of the tire 
air pressure information immediately after a vehicle starts to 
drive, at the latest. However, there is a disadvantage that 
the notification can not be done. 

[0006] As another solution, there has been proposed a tire 
air pressure monitoring device which saves power consumption 
by using a vibration sensor to switch a transmitter between a 
transmission mode and a stop mode . Since this device determines 
whether the vehicle is driving by vibration of a vibration piece 
inside the vibration sensor, the device is able to notify a 
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driver of the tire air pressure information immediately after 
the vehicle starts to drive. However, when a vehicle reaches 
a certain degree of traveling speed, a large centrifugal force 
acts on the vibration sensor. Consequently, the centrifugal 
force pressures the vibration piece in a direction where the 
centrifugal force is acting, and the vibration piece becomes 
incapable of vibrating. As a result, a driver cannot be 
notified of the tire air pressure information. 
SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide a 
tire air pressure monitoring device and a pneumatic tire having 
the monitoring device, in which during traveling tire air 
pressure information detected by a sensor can be reliably sent 
to a vehicle side with saving of power consumption. 
[0008] In order to achieve the foregoing object, a tire air 
pressure monitoring device according to the present invention 
includes a sensor which detects a physical quantity relating 
to tire air pressure, and a transmitter which sends signals 
detected by the sensor, the sensor being a sound pressure level 
sensor which detects a sound pressure level inside a tire cavity 
filled with air, and the transmitter being enabled to send the 
signals only when the sound pressure level detected by the sound 
pressure level sensor is changed. 

[0009] A pneumatic tire according to the present invention 
has the tire air pressure monitoring device described above 
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inside a cavity of the tire. 

[0010] According to the tire air pressure monitoring device 
of the present invention, the transmitter does not send signals 
during stopping of a vehicle, since the sound pressure level 
does not change inside the tire cavity. Accordingly, power 
consumption can be reduced during that period. On the other 
hand, the transmitter sends signals during traveling of a 
vehicle, because the sound pressure level inside the tire cavity 
changes. Therefore, the tire air pressure information can be 
securely sent to a vehicle side during traveling. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a circuit block diagram showing an embodiment 
a tire air pressure monitoring device according to the present 
invention . 

[0012] Fig. 2 is a cross sectional view showing a main part 
of an embodiment of a pneumatic tire in a state where the tire 
air pressure monitoring device ofyFig. 1 is attached thereto. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] The embodiments of the present invention will be 
described in detail below with reference to the attached 
drawings . 

[0014] Fig. 1 shows an embodiment of a tire air pressure 
monitoring device according the present invention. The tire 
air pressure monitoring device A comprises a sensor 1 which 
detects a physical quantity relating to tire air pressure. The 
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sensor 1 is connected through a sensor circuit 2 to a central 
processing unit (CPU) 4 incorporating an analog to digital (A/D) 
converter 3. The physical quantity relating to tire air 
pressure detected by the sensor 1 may preferably include air 
pressure and temperature inside a tire cavity. 
[0015] A microphone (sound pressure level sensor) 5 for 
detecting a sound pressure level inside the tire cavity filled 
with air is connected through an amplifier 6 to a filter (band 
pass filter) 7. The filter 7 allows only a predetermined 
frequency band around resonance in the tire cavity to pass 
through. For example, the filter 7 allows a frequency band of 
around 250 Hz to pass through when employed in passenger cars, 
and allows a frequency band of around 150 Hz to pass through 
when employed in heavy loading vehicles such as tracks and buses . 
The filter 7 is connected to the CPU 4 through the A/D converter 
3. A transmitter 8 comprising a radio frequency (RF) circuit 
8a and an antenna 8b is connected to the CPU 4 . This transmitter 
8 sends signals detected by the sensor 1 # that is, tire air 
pressure information to a vehicle side. 

[0016] The CPU 4 determines whether values of the sound 
pressure level signals detected by the microphone 5 are changing 
around a preset threshold value corresponding to the resonance 
inside the tire cavity. When the values are determined to be 
changing, the CPU 4 switches the transmitter 8 to a transmission 
mode . In other cases , the transmitter 8 is set to a transmission 
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stop mode. Only when the sound pressure level is appropriately 
changed, the signals detected by the sensor 1 can be sent to 
the vehicle side by the transmitter 8. In the drawing shown, 
reference numeral 9 is a power source for activating the tire 
air pressure monitoring device A, and a battery is used for the 
power source. 

[0017] Fig. 2 shows a state where the tire air pressure 
monitoring device A is arranged inside a tire cavity Tl of a 
pneumatic tire T. In the drawing shown, reference numeral 11 
denotes a carcass layer which is provided between bead cores 

12 embedded in bilateral bead portions, and reference numeral 

13 denotes a belt layer disposed on the outer circumferential 
side of the carcass layer 11 in a tread portion. 

[0018] In Fig. 2, an example of a pneumatic tire having the 
tire air pressure monitoring device A which is fixed to a tire 
inner surface T2 facing the tire cavity Tl is shown. However, 
the tire air pressure monitoring device A can be attached by 
a fixing band to a rim which is fitted to the pneumatic tire 
T, instead. Moreover, the sensor 1 and the microphone 5 can 
be arranged to be exposed on the tire inner surface T2 , and other 
parts can be embedded in the pneumatic tire T. Such arrangement 
is also regarded as the attachment inside the tire cavity Tl 
of the pneumatic tire T in the present invention. 
[0019] According to the foregoing tire air pressure 

monitoring device, the sensor 1 constantly detects a physical 
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quantity relating to tire air pressure. The physical quantity 
is converted into signals suitable for transmission in the 
sensor circuit 2. Thereafter, the signals are sent to the CPU 
4. When the vehicle is driving, the resonance is not generated 
in the tire cavity. Thus, the sound pressure level is not 
changed. Therefore, the sound pressure level signals detected 
by the microphone 5 and sent to the CPU 4 through the amplifier 
6 and the filter 7, does not change around the preset threshold. 
Consequently, the transmitter 8 is maintained in the 
transmission stop mode by the CPU 4, and the tire air pressure 
information is not sent to the vehicle side from the transmitter 
8. 

[0020] On the other hand, when the vehicle is driving, the 
resonance is generated in the tire cavity. As a result, the 
sound pressure level constantly changes. The sound pressure 
level signals detected by the microphone 5 change around the 
preset threshold. Hence, the CPU 4 switches the transmitter 
8 to the transmission mode, and the tire air pressure 
information is always sent to the vehicle while the vehicle is 
driving . 

[0021] Therefore, when the vehicle is not driving, the 
transmitter 8 does not send signals. Thus, the power 
consumption can be saved. Meanwhile, the transmitter 8 
switched to the transmission mode can securely send the 
information detected by the sensor 1 to the vehicle side during 
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vehicle traveling . 

[0022] In the foregoing embodiment of the present invention, 
the transmitter 8 is switched to the transmission mode by use 
of the microphone 5, the amplifier 6, the filter 7 and the CPU 
4 , and the transmitter 8 is operated only when the vehicles is 
driving. However, as a matter of course, the constitution of 
the present invention is not limited thereto as long as the 
transmitter 8 is enabled to send signals by utilizing the 
changes of the sound pressure level in the tire cavity Tl. 
[0023] Having thus explained, the present invention enables 
a transmitter to send signals by using changes of a sound 
pressure level detected by a sound pressure level sensor which 
detects the sound pressure level inside a tire cavity filled 
with air. Thus, it is possible to save the power consumption 
by stopping the transmitter when the vehicle is not driving. 
Meanwhile, it is possible to securely send the tire air pressure 
information detected by the sensor to the vehicle side when the 
vehicle is driving. 
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